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o Part IV — A look at the Windows and Absorber Vesse
. FERMILAB
"R 50/Cryogenic Overview of the need for Liquid Hydroge

N

J Main requirements for the cryo-system:

v" Density fluctuation in the LH2 should be smaller than +/- 2.5 %

v’ P=1.2 atm=17.6 psia=0.12 MPa

v Subcool temperature => 17 K

4

1- Stay bellow boiling point

2- Temperature difference < 1 K

Density change / dens. LH2 @ 17 K (%)

(using a large safety factor)

- in absorber volume Temperature of LH2 (K)

- in the cryo-system
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. . FERMILAR Part IV — A look at the Windows and Absorber Vesse

"M :0/Cryozenic Qverview of MuCool Test Area cryo-system - cryostat
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o Part IV — A look at the Windows and Absorber Vesse

. FERMILAB

N

? BD/Cryogenic Department
7

The LH, pump was designed and built by Caltech %"ZZT s Nl
as a spare pump for the SAMPLE experiment = @ @P

(2 dia. of the pump used in E158)

Purpose:

To circulate LH, in a close loop and provide force

flow to remove the energy loss from the LH2

absorber, with AT<1 K

Overview on the Absorber Pump flow metho
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Schematic of SAMPLE

Max. available flow at 17 K, 1.2 atm = 450 g/s

Reference:

“E.]. Beise et al., A high power liquid hydrogen target for parity
violation experiments, Research instruments & methods in

w HEAT EXCHANGER
4

= =3
w&llam u|

physics research (1996), 383-391"
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o Part IV — A look at the Windows and Absorber Vesse
. FERMILAB

"R 50/Cryogenic Department Overview on the Absorber Pump flow method
L

N

The LH, pump is composed of:

[0 two impeller blades => to straighten the flow
[0 three stators => to accelerate the flow
[0 two cones => to reduce the impedance of the flow

Materials:
Impellers: Aluminum 6061 T6
Housing: 304

A motor located at room temperature drive the pump:
[ typical Tevatron Wet Engine 2 HP motor will be used
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. . FERMILAR Part IV — A look at the Windows and Absorber Vesse

"R 50/Cryogenic Department Overview on the Absorber Pump flow method
L

N

# What is the mass flow needed to cool the beam?
Simulation of the flow by Wing Lau/ Charles H. Holding (Oxford) using Algor 2 D model

Welocity Mag

# How to use the results? P i

S e — JXEE
P — oy

Determine velocity so that AT<1K _ — g

Temperature

16.391
15.471 0
14.551 1
13,632
{12 ‘
- 2| —
10.872 S
9.952

We determine the velocity, V, for the addoc
temperature difference, AT:

Step: 1/1

SRR
Ay

AT

Ry S % 8 L -
VT
b IO e

RV

O m (for given AT, nozzle geometry and LH2 prop.)
[0 AP(for LH, cryoloop) SEE WING LAU TALK
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. . FERMILAR Part IV — A look at the Windows and Absorber Vesse

"R 50/Cryogenic Department Overview on the Absorber Pump flow metho

N

“We do need to understand the thermo-hydraulic behavior of the LH2

@

absorber

Example: Case of the maximum available flow by the LH2 pump

In order to be functional the LH2 absorber would need to be optimized (goal:

reduction of the pressure drop)

Proposed changed: If V=4 m/s then m=450 g/s

CD

Current geometry Requested geometry
LH2 abs: LH2 abs:

Nozzle dia.= 0.6” > Nozzle dia.= 0.43"
11 Supply nozzles

8 Supply nozzles

12 returns nozzles 15 returns nozzles

Piping in the magnet bore: Piping in the magnet bore:
40 cm long IPS 1" pipes 20 cm long IPS 1" pipes
10 cm long IPS 2"pipe 30 cm long IPS 2"pipe
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Part IV — A look at the Windows and Absorber Vesse

# FERMILAB

RETURN CHANNEL

"M 50/Crogenic Deparment LH2 Manifold absorber (by E. Black
L

N

VOLUME=0.54 LITERS [0.14gal]
10cm [3.94"]

CHANNEL DEPTH TYP.

37° -
- $0.79cm [80.
Typ 2 SUPPLY & RETURN
- DUTLET —e4 BOLT THROUG 4.7cm [1.85]
TYP.
< 12 ANGLEI e e
‘ R0.94cm [ sem oL "
St VP 1.07cm [0.42"]
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K
7 2
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DRILL THROUGH ) i
20 HOLES gk ﬁ RI7.46cm [6.88]
! = - mne . NN
T | %«
p a

TYP. 5

| : -
10,08cm [3.97"] \\ )
1” SCHEDULE 40 PIPE /cocm [2.857]

8 ANGLED HOLES
R0.94cm [RO.37iN] o
A= 2.77cme [0.43in21/HOLE
TOTAL= eelecme [3.44ine] 550 D /el 145cm [5.717] =

L TYP. ?
INLET SUPPLY CHANNEL Critical AP

VOLUME=0.38 LITERS [0.10gall
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FERMILAB

Part V — A look at the Hydrogen Proposal
Process and Instrumentation Diagram

BD/Cryogenic Department
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E2 GAS SHED
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REFRIGERATOR BUILDING
SEE DWG # 1650-ME-258991
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# FERMILAB k)
? BD/Cryogenic Department X| X| % g
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MuCool Helium Flow/Equipment Schematic

Suction/Relief Header
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== CERMIT AR Part V — A look at the Hydrogen Proposal

? BD/Cryogenic Department Cryo-system deS|gn
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== CERMIT AR Part V — A look at the Hydrogen Proposal

? BD/Cryogenic Department Cl‘y 0- System deS|gn
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Part V — A look at the Hydrogen Proposal

FERMILAB |
BD/Cryogenic Department Cryo-syste m d eS|g N

N

e

1 -

CD

Cryostat Set-up assembly:

> Piping IPS1, IPS2 Sc5, Bimetallic transitions...
> Safety devices: Parallel plate, AGCO
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o Part V — A look at the Hydrogen Proposal

. FERMILAB

N

? BD/Cryogenic Department Cryo_system de5|gn
L/

1 - Cryostat Set-up assembly:

> Thermal + MLI,
> Vacuum vessel,
> Connection to pumping sys,
> Transfer lines and bayonets.

CD MTA Cryo-system design - BNL review overview
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# FERMILAB

? BD/Cryogenic Department Cryo_system de5|gn
L/

CD

2- Heat exchanger assembly:

> Copper coil,
> Outer shell,
> Diameter reduction,
> He inlet and outlet,

MTA Cryo-system design - BNL review overview
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# FERMILAB

? BD/Cryogenic Department Cryo_system de5|gn

CD

3- LH2 Pump assembly:

> Pump torque transition,
> Motor outer shield,

> Cooling system,

> Pumping system of the outer shield /
> Relief valves piping.

Part V — A look at the Hydrogen Proposal
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Part V — A look at the Hydrogen Proposal

FERMILAB

BD/Cryogenic Department

N

e

CD

4- Absorber assembly:
Implement Ed Black/Wing Lau drawings with cryostat vacuum vessel

windows, absorber

Cryo-system design

Design interface of the systems (flanges, piping)
> Absorber manifolds
> Windows in the loop

> Doubled-seal

32 #0.952cm [#0.375 IHOLES-

_—COUNTERBORE®1587cm [@0.625"]

2.506"]1

365cm [2.5]
=0.506cm [0199°]
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77777777
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[213593°1 S
ch (#1111
.
¢37.147cn (814625
0.022cn 100093 [6.825"1
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ROScm [ROAS7"}-

A Jt=0694en 102731

OPERATING PRESSURE = 25 PSI [0.172 MP]
REQUIREMENT PRESSURE = 100 PSI [0.689 MP]
TOLERANCE MARGIN = 20 %

ABSORBER VESSEL /WINDOWS
GEOMETRY PROFILE
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. B FERMIEAR Part IV — A look at the Windows and Absorber Vesse

"R 50/Cryogenic Department Overview on the Absorber Pump flow method

“Status:

- In order to design the total cryo-system, we do need to simulate the optimsz
flow regime (Oxford/cryo dpt).

- Focus:
Thermo-hydraulic behavior of LH2 absorber for which ATmax=1 K
(and 3 K): AT, AP, mass flow, power distribution

Influence of the beam distribution (volume-surface distribution)
# Upgrades from the Algor model:
Geometry upgrade, temperature upgrade

Influence of the nozzle number to reduce the hot spot=>3D model

References:
http://www-bdnew.fnal.gov/cryo-darve/mu_cool/mu cool HP.htm
ICEC19 article - Cryogenic design for a liquid hydrogen absorber system
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